ABSTRACT: It has been proposed that a 'bank of microscopic forms' functions as a survival mechanism for benthc macroalgae, m some ways analogous to the 'seed bank' of terrestrial plants. Four aspects related to this hypothesis are examined here, namely (1) origin and morphology of the structures forming banks, (2) their specific compositions, (3) environmental conditions that allow their survival in a state of suspended growth, and conditions that trigger reinitiation of growth; and (4) losses from the banks by diverse causes Although the structures at which growth suspension occurs are of very different morphologies, and probably are also different in their capacities of temporal displacement, both types of banks are regulated by similar environmental factors and subjected to similar types of constraints. Some important differences between the 2 banks are likely to stem from the lesser longevity of the algal microscopic stages, which would limit the duration of banks of microscopic forms
INTRODUCTION
In analogy to the seed banks of land plants, Chapman (1986) coined the term 'bank of microscopic forms' for the population of microscopic phases from which macroalgae may develop under adequate environmental conditions. In many algal species, some time elapses between the period of peak spore production and the appearance of juvenile plants detectable in the field. Such lags may be seasonal, and they are often related to climatic conditions. During these periods, the species would survive through microscopic phases of development that act as overwintering stages, under conditions that are stressful for the macroscopic thalh. Hence, the microscopic forms might play an important ecological role which, in land plants, is fulfilled by the seeds that remain dormant in the soil, constituting a 'seed bank'. Besides, some species, mostly fugitive or opportunistic plants, may span generations through persisting in the habitat as seed banks. A similar role might be fulfilled by banks of microscopic forms.
The characteristics and functioning of seed banks have been evaluated m a number of species and different land plant communities (Harper 1977 , Grime 1 Inter-Research/Prmted in Germany 1979, Fenner 1985 . In contrast, the analogy between a 'bank of microscopic forms' and a 'seed bank' has not been critically assessed. No attempts have been made at establishing if the mcroscopic stages actually function as survival banks, either for an algal population or a community; it is unknown if there are mterspecific differences in the characteristics of banks of microscopic forms or if such differences are related to the particular successional status of the species; it is unknown whether survival banks are formed solely by microscopic stages or if some macroscopic structures may also have periods of suspended growth; finally, it is unclear whether the ecological functions fulfilled by the bank of rnicroscopic stages are comparable to those of seed banks.
In this study we compare the possible ecological role of a bank of microscopic forms with what is known on the functioning of seed banks. We propose hypotheses on the functioning of banks of microscopic forms by discussing: (1) the origin and morphology of the structures that form either type of bank, (2) the species that may constitute banks, (3) the environmental conditions that allow survival of seeds and microscopic stages in a state of suspended growth, as well as the conditions that trigger the reinitiation of development, and (4) the losses from banks that may result by different causes. All these factors have been identified as extremely important in the functional regulation of seed banks (Harper 1977 , Grime 1979 , Fenner 1985 .
(1) ORIGIN AND MORPHOLOGY Seed banks originate from seeds that arrive at the substratum as a 'seed rain', and it is likely that the bank of microscopic forms would originate from a 'spore rain' (see reviews by Hoffmann 1987 and Santelices 1990) .
The seeds of terrestrial plants arriving at a habitat are produced partly in the habitat and partly elsewhere. The distances at which the parent plants are located, and the number of plants, would influence the composition and abundance of the propagules arriving at a site (Harper 1977 ). It appears, though, that most seeds of both wind-and bird-disseminated plants are dispersed over distances of at most 50 m (Smith 1975 , Fenner 1985 , Murray 1986 . A fraction of these seeds does not germinate immediately but is buried in the soil, remaining dormant until environmental conditions become favorable. Thus, seeds may show both spatial and temporal displacements.
Banks of microscopic forms result from the germination of spores arriving at intertidal habitats. These spores probably also originate partly in the habitat and partly in other areas, therefore exhibiting spatial displacement. The distances that algal spores may travel away from parent plants are generally short, usually not exceeding a few meters (Anderson & North 1966 , Dayton 1973 , 1985 , Paine 1979 , Sousa 1984 , Vandermeulen & DeWreede 1986 , Hoffmann & Camus 1989 ; also see reviews by Hoffmann 1987 and Santelices 1990) . From this perspective, the capacity for spatial displacement of seaweed spores does not seem to greatly differ from that of seeds. On the other hand, spores would lack dormancy periods; hence their capacity for temporal displacement would be rather limited. This role would be fulfilled by microscopic forms that remain in a state of suspended growth.
Because seed bank studies rarely consider dispersal syndromes (Pickett & McDonnell 1989) it is difficult to relate the ability to enter a bank of buried seeds to their morphology. Nevertheless, in some species, the shape of seeds may favor lodging m soil crevices (Silvertown 1982) . On the other hand, the size of seeds seems to be important; e.g. seeds that form seed banks are often small-sized. Usually, large seeds do not remain dormant in the soil, since they are liable to be destroyed by fungi, bacteria or rodents. Predation pressure on large seeds, especially those with thin testa, is generally much higher than that on small or tough seeds (Janzen 1969 , 1971 , O'Dowd & Gill 1984 , Foster 1986 , Louda 1989 , Schupp et al. 1989 . However small seeds of some species are intensively predated by ants (Brown et al. 1979 , Mills & Kummerow 1989 . Although significant differences in spore size have been described for different seaweed taxa, their range of dimensions is much narrower that of land plant seeds: spore size, at least in red algae, ranges from 15 to 120 pm (Ngan & Price 1979) , whereas seed size varies from about 0.1 mm in diameter (in Orchidaceae) to around 12 cm (in Mora dimorphandra) (Van der Pijl 1982) . Further, no relation has been established so far between spore size or morphology and the capacity to form banks of microscopic stages. Rather, this capacity would be related to the type of life cycle of the species, which is apparently independent from spore size. Gametophytes are the stages most frequently mentioned as able to survive in a state of suspended growth ( Table 1) . These gametophytes are mainly of the creeping, filamentous type. However, experimental data are lacking to interpret the survival value of the different morphologic types of microscopic stages.
In many forest trees, seeds do not enter seed banks and germinate soon after seed-drop, although the timing of germination varies in different communities (Beatley 1974 , Harper 1977 , Garwood 1983 . Under the canopy of mature trees, seedlings of some species develop that persist with almost no further growth; some survive for long periods and are able to rapidly increase growth when gaps occur in the canopy (Silvertown 1982) . Such seedlings constitute a 'seedling bank', that functions in the same way as seed banks (Grime 1979) . Seedling banks are frequent for woody species. In many large-seeded species that suffer high seed-losses from predation, persistent seedlings may be a preferred alternative to seed banks, although seedling banks must tolerate the understorey environment ). An analogous response seems to have evolved in some macroalgae. In several species, in which unfavorable environmental conditions cause a suspension of growth of the early phases of macroscopic development, populations of juvenile sporelings develop that survive with little growth for periods of time. Some individuals of these populations resume growth when conditions improve. Kirkmann (1982) found that small sporophytes of Ecklonia radiate, that survive in shaded areas, were able to develop and grow rapidly after artificial clearings in the E. radiata canopy. Similar findings have been reported for populations of Macrocystis pyrifera from various latitudes (Dayton et al. 1984 , Santelices & Ojeda 1984 .
Summarizing, whereas the dispersal units of plants and seaweeds seem to show no marked differences in (1969) their dispersibility, their patterns of temporal displacement and the stages at which growth can be suspended are conspicuously different. In plants, growth suspension affects primarily seeds, and, in some species, the seedling stage. In seaweeds, periods of growth suspension occur in a wider variety of microscopic structures, corresponding to different phases of the life cycle (mainly gametophytes, but also embryos, germlings, or newly formed sporophytes). Growth suspension may also affect sporelings, i.e. small-sized macroscopic plants that resemble the seedlings of land plants.
(2) COMPOSITION Changes in seasonal fertility, in the numbers of progagules arriving at the habitat, and differences in propagule longevity are likely to affect the composition of seed banks and banks of microscopic forms.
Seasonal fertility fluctuations
Seasonality in seed production and differences in seed germination capacity produce temporal variations in the composition of seed banks. Some of the seeds produced in the current season germinate irnmediately, others are lost due to different causes, and only a fraction becomes incorporated mto the seed bank (Grime 1979) .
There is evidence that benthic algal spores are usually present in seawater, since large numbers of opportunistic algal spores arrive continuously at the intertidal zone (Hruby & Norton 1979 , Hoffmann & Ugarte 1985 , Zechmann & Mathieson 1985 . However the specific composition of spores may change due to the seasonality in spore production that characterizes seaweeds in most climatic regions (Hoffmann 1987 , Santelices 1990 . It is also likely that, as in land plants, where only a small part of the seeds that arrive as seed rain is buried to form the seed bank, only a small fraction of the seaweed propagules enters the bank of microscopic stages.
Since microscopic stages last only for a few months (see below), those constituting a bank of microscopic forms would be replaced more or less continuously. However, in some seasons there might be competition for space among microscopic stages of different species. As reported for seed banks of several species, the probability of seed germination significantly decreases with an increase in seed density (Bergelson & Perry 1989) . In kelps, density-dependent mortality of the microscopic stages has been shown for Macrocystis pyrifera and Pteryqophora californica. For both kelps, a minimum density of at least 1 spore m m 2 was necessary to allow for fertilization, which would result in density-mortality of early recruits (Reed 1990 ). Due to this requirement of high density in spore settlement, competition for space might be even greater in banks of microscopic stages than in seed banks.
Numbers of propagules
Large numbers of seeds may be found in seed banks of a wide range of communities. Estimates vary between 10"2 and 1W5 m-2 (Fenner 1985) , according to the specific adaptive strategy; ruderal species usually contribute large numbers of propagules, whereas the numbers of seeds of late successional species are usually smaller (Grime 1979) .
There is scarce knowledge on the numbers of seaweed microscopic forms in intertidal habitats. The existence of large numbers was suggested when numerous sporelings of several species developed on apparently bare stones collected in the intertidal zone and cultured in enriched seawater (Burrows 1958 , Neushul & Dahl 1967 , Chapman & Burrows 1970 . Chapman (1984) , by using ceramic pieces placed under a kelp forest, estimated that spores settling in the microbenthos developed each year into nearly 6 X 1 0 6 microscopic stages m 2 . These results suggest that, as in seed banks, there are large numbers of microscopic stages in banks of microscopic forms. A relationship may exist between numbers and algal life strategy, because of the differences in propagule production that characterize many opportunistic and late successional algae (Boney 1960 , Amsler & Searles 1980 , Hoffmann & Ugarte 1985 .
Propagule longevity
The survival times of terrestrial plant seeds are highly variable. Longevity has been related to seed size, among other attributes. Thus, while the small seeds of many herbaceous plants may survive for around 50 yr or more, large seeds (mainly of trees) usually do not survive for over 5 yr (Harper 1977) . It has been proposed that seed longevity mfluences the functioning of seed banks; the greater it is, the more rapidly a dormant seed bank will accumulate . Two extreme seed bank types have been determined (Grime 1979) . In one type, defined as 'persistent', some of the component seeds are at least 1 yr old, while in the 'transient' seed bank, some seeds germinate shortly after release, and none remain in the habitat in a viable condition for over 1 yr ). Between these 2 groups, intermediate types may occur. It could be assumed that fluctuations in composition are due rather to changes in the transient fraction than to changes in the persistent fraction of a seed bank.
Data available on the longevity of algal microscopic stages (Table 1) show that, in culture, microscopic stages of several species survive from 3 to 8 mo. The maximum survival period reported in field conditions is that of Pelvetia canaliculata. Embryos of this species have been found in the field up to 8 mo after the end of the fertile season (Schonbeck & Norton 1980) . However, how the longevity of the microscopic stages influences the functioning of a bank of microscopic forms has not yet been evaluated.
Microscopic stages of seaweed species may resume their development when returned to adequate conditions. In 8 of the 14 references listed in Table 1 it was reported that the microscopic stages resumed growth when conditions were improved. The longevity of microscopic stages might be related to seaweed life strategy, but scarce information on this point was found, since, as shown in Table 1 , most data refer to long-lived species.
The longevity of propagules relative to the longevity of parent plants is potentially important since it influences the chance of any given propagule to replace its parent. The situation is very different in annual land plants, that usually live for less than 1 yr but whose seed banks persist over many years, and in perennials that live for many years but frequently do not have persistent seed banks.
Little is known on the survival of algal microscopic stages. The gametophytes of some kelp species may remain dormant for months (Luning 1980) , but the majority of Macrocystis and Pterygophora gametophytes in Southern California appear to live at most for only a few weeks (Deysher & Dean 1986) . A probable outcome of this shorter duration would be that no really persistent banks of microscopic stages would exist for seaweeds; therefore, fluctuations in the composition of banks would be more marked in marine than in terrestrial habitats.
Persistent seed banks are characteristic of species of early successional phases, whose seeds lie dormant, and germinate only after some disturbance has occurred (Harper 1977 , Grime 1979 . In contrast, communities sujected to little disturbance, for example some types of forests, have few buried viable seeds (Fenner 1985) . As a result, in habitats that are frequently disturbed, the species composition of the seed bank is usually similar to that of the vegetation, while in habitats with mature vegetation the disparity between the seed bank and the vegetation increases; in some cases, no species common to both are found (Silvertown 1982 , Fenner 1985 . Although no such studies have been undertaken for marine habitats, we hypothesize that this type of situation would not occur because of the absence of a really persistent bank of microscopic stages.
In brief, the comparative analysis of the composition of seed banks and banks of microscopic forms indicates somewhat similar patterns in seasonal fertility and in the fluctuations in numbers of propagules. However, the lesser longevity of microscopic stages, in comparison to seeds, probably determines some important differences. Since the longevity of different types of microscopic stages seems to be similar, it is likely that a distinction between persistent and transient banks may not to established for seaweeds.
In stable environments, seeds accumulate with time, and the compostion of seed banks becomes increasmgly dissimilar to that of the aboveground vegetation. Thus, seed banks would represent records of past and present vegetation of the area (Harper 1977) . Since some seeds may remain viable for long periods, when due to some circumstance they germinate simultaneously, genetic exchange may occur between plants of different generations. Due to the limited survival capacity of microscopic stages, this is less likely to occur in seaweeds. Also, while 'fugitive' species can persist in the seed bank between disturbances in some terrestrial plant communities, this will probably not occur in algal communities.
(3) ENVIRONMENTAL CONDITIONS
The environmental conditions that allow the survival of seeds during unfavorable seasons are widely documented, as are the factors that trigger seed germination. As for terrestrial plants, several authors report on seaweed species in which certain environmental factors, inadequate for normal development, allow survival of the microscopic stages in a state of suspended growth. However, in most reports, the data on the survival capacity of microscopic stages arose in experiments aimed at studying other problems, and its ecological meaning has been little emphasized. For example, Kain (1964) reported that, in Britain, sporophytes of Laminaria hyperborea are reproductive only between October and the beginning of April, suggesting that gametophytes must become established and survive during the winter; however the existence of a bank of microscopic forms was not considered until much later.
In seed banks, germination is inhibited by a number of factors. The seeds of many species forming persistent seed banks do not germinate in darkness, and low or high temperature, moisture content, or decreased oxygen levels i n the soil may inhibit germination (Grime 1979 , Baskin & Baskin 1989 (Novaczek et al. 1986 (Harper 1977 (Thompson & Grime 1979 , Garwood 1983 ).
In seaweeds, increases i n irradiance, resulting from seasonal changes of illuminance or clearings in the canopy, and increases in temperature are the factors most frequently mentioned as triggering the reinitiation of development in microscopic stages, as shown in Table 1 (Luning & Neushul 1978 , Luning 1980 , Deysher & Dean 1986 (Deysher & Dean 1986 , Reed et al. 1988 . In a f e w cases, besides an increase i n quantum dose, wavelength or photoperiod (Kain 1964 , Lurung 1980 from the action of pathogens or animals (predation), and from natural senescence and death (Harper 1977 . We hypothesize that a parallel situation would occur in seaweeds, in that a significant proportion of a bank of microscopic forms is probably lost due to several reasons, the main causes being different pathogenic agents, predation, sand burial, or persistence of inadequate conditions for development that result in death of the microscopic forms.
Bacteria or fungi probably destroy many microscopic stages, though no evaluation of these causes has been documented in seaweeds.
Predation has one of the most obvious and direct impacts on the survival of seeds in the soil (Louda 1989 , Schupp 1990 , thus influencing the composition of seed banks in a manner opposite to seed longevity. Each year a substantial portion of the potential recruitment to plant populations is lost to seed predators; mortality on the ground after seedfall is often in excess of 75 % (Schupp 1988a, b) . The evidence suggests that seed predators select seeds differentially, determining the average value of key characteristics of seeds that remain in the soil. By finding and using clumped and larger seeds, predators will reinforce other pressures that select for seed traits characteristic of persistent seed banks, including small seed size and hard seed coats (Louda 1989) . Seed predation is greatest beneath the parent crown and decreases with distance (Howe & Smallwood 1982 , Schupp 1988a .
A significant proportion of microscopic stages may also be consumed by a diversity of invertebrates, so that the functioning of the bank of microscopic forms may be masked by predation. In one of the first studies that mentioned the ecological effects of grazers on microscopic stages, Jones (1946) postulated that herbivores can strongly affect the first phases of seaweed development. Herbivores may graze on just-settled spores, on microscopic stages, or on microscopic juveniles. It has been suggested (Dayton 1985 , Reed et al. 1988 ) that since zoospores of brown algae lack a cell wall, kelp gametophytes are most vulnerable to predation soon after spore germination, before a protective wall is formed. The main organisms probably consuming gametophytes are protozoans and meiofauna, filter feeders such as bivalves and tunicates, and detritus feeders such as small crustaceans, polychaetes, gastropods, chitons, and some asteroids (Dayton 1985) . However, there has been little evaluation of this pomt. Because of the methodological difficulties involved, studies on the effect of grazers on algal recruitment in the field have mostly centered on juvenile plants once they become visible to the unaided eye, and few attempts have been made to study these effects at the microscopic stages. Vadas et al. (1982) evaluated grazing pressure by settling fertilized eggs of Ascophyllum nodosum (L.) Le Jolis on clay pottery shards and on natural surfaces that were then placed in the sea. They found that, under normal grazing pressure, nearly 100 % of the zygotes were killed within 2 mo; but if grazers were excluded, survivorship improved. Breen & Mann (1976) , and Chapman (1981) found that some species of echinoids would be able to feed on microscopic stages of diverse algal species. Survival to grazing pressure probably depends on the relative densities of microscopic forms and of grazers, Whereas burial of seeds is one aspect of seed banks which may be important for the long-term survival of some species (Garwood 1989 , Leck 1989 , burial by sand and sediments, as well as abrasion, are probably sources of mortality for the microscopic forms of many species. However there is little information available on this point. Small amounts of sediment reduce survival of Macrocystis pyrifera gametophytes (Devinny & Volse 1978 , Dayton 1985 , Deysher & Dean 1986 ; in contrast, the gametophytes of other kelp species such as Laminaria farlowii and Eisenia arborea are more resistant to sedimentation and scouring (Dayton 1985) .
Inadequate conditions for development may be of 2 types. First, an excessive duration of the environmental conditions that maintain suspended growth may kill part of the bank of microscopic stages. In culture, microscopic stages of most species probably do not survive periods of over 5 mo under unfavorable conditions (Table 1) . There is evidence suggesting that the survival of microscopic stages is not significantly longer in the field. Laminaria saccharma sporophytes suffered close to 100 % mortality in the sporeling stage when recruited in winter (Parke 1948) . Prolonged shading of microscopic stages by adult plants may also cause mortality. For instance, it has been estimated that, from nearly 6 X 1 0 m microscopic Laminaria gametophytes that develop on the substratum each year, only about 3 m visible plants develop. This could result from shading by the cover of red algal turf species (Chapman 1984) . Similarly, the existing canopy severely limits recruitment of microscopic plants of Eqreqia laeviqata into the macroscopic phase (Black 1974) , and the whiplash action of blades of the dominant intertidal algae of exposed coasts may prevent development into macroscopic plants (Dayton 1975 , Santelices & Ojeda 1984 .
A second type of inadequate environmental conditions occurs when propagules settle at intertidal heights other than their normal distribution ranges. For instance, microscopic stages from subtidal species may not withstand the light conditions prevailing at higher levels, or the high temperatures and periodic desiccation occurring at low tides. Thus, Lurung (1980) reported that gametophytes of 3 species of Lamuiaria were killed within minutes when exposed to sunlight, and at about 20 'C the same species exhibited sudden decreases in growth rates. It may be predicted that such limitations in tolerance probably contribute to inducing differences between the specific composition of the spores arriving at the higher intertidal and the microscopic stages that actually develop.
CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH
There is still little knowledge on the functioning of banks of microscopic stages. However, based on what is known of the microscopic stagesinthelife history of seaweeds, we identified some of the factors that probably regulate the bank of microscopic forms, and propose hypotheses on its functioning. We postulate that the dynamics of a bank of microscopic forms and those of a seed bank are analogous in several ways, as depicted in Fig. 1 . The seed bank of land plants (Fig. 1A) originates from a seed rain. Seeds that are not lost by diverse causes (predation, decay) remain in the soil until environmental stimuh trigger germination. A bank of microscopic forms (Fig. 1B) probably originates from a spore rain, microscopic stages resulting from germination of settled spores. Banks of microscopic stages and seed banks seem to be subjected to similar constraints, such as predation or losses through bacterial or fungal attack. These constraints may produce the loss of a great proportion of seeds and probably also of microscopic stages. Losses through competition for space are probably important in banks of microscopic forms. On the other hand, the total number of species present in either bank may exceed, at any given time, that in the macroscopic vegetation.
The duration of both types of banks would be different, the microscopic stages of most species probably not surviving over 5 to 6 mo, whereas seeds in seed banks may survive for many years. These different time scales may have important consequences on the habitat dynamics. As in seed banks, it may be expected that the relative importance of banks of microscopic forms could vary among different algal communities. Differences in spore production, dispersal, predation and survival of microscopic stages may also account for many characteristics of banks of microscopic forms. Terrestrial seed banks contain dormant seeds that may have been deposited by different generations of plants, perhaps over several decades; therefore, when, under some circumstances, seeds are brought to the surface, representatives of different generations may germinate simultaneously. A bank of microscopic stages may also contain representatives of more than one generation but, since the duration of microscopic stages is much shorter than that of seeds, it is likely that only a small number of generations will coexist. On the other hand, seeds of opportunistic plant species usually have long-lived seeds that form persistent seed banks, whereas those of more perennial, late successional species usually do not form persistent banks. The scarce knowledge on the behavior of algal microscopic stages does not yet allow the establishment of any relationship between the duration of banks and their survival value.
In conclusion, we feel that the following are among the main points that should be addressed in future research: -The role of the bank of microscopic forms in the regeneration of a community has to be distinguished from regeneration through spores that have dispersed recently into a site. -Although many problems of the physiological regulation of microscopic forms have to be studied in the laboratory (for instance their longevity under various environmental conditions), their relevance in regulating the dynamics of banks of micoscopic forms must be compared with the results of field experiments conducted in different habitats and communities. -The relative susceptibility of microscopic stages to predator impact is largely unknown. Testable predictions would be valuable for the types of microscopic forms that are likely to have their dynamics influenced by predators. For land plants, at least, it has been proposed that fugitive species are highly vulnerable to seed predator impact in the determination of their abundance and distribution.
-The relative importance of banks of microscopic forms in the dynamics of fugitive and late successional algal species should be evaluated.
